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[57] ABSTRACT 

A compositional blend having from about 1 Weight percent 
to about 85 Weight percent of a modi?ed polyole?n and from 
about 99 Weight percent to about 15 Weight percent of a 
modi?ed poly(ethylene oxide). The modi?ed polyole?n and 
modi?ed poly(ethylene oxide) have a total of from about 1 
Weight percent to about 30 Weight percent of a monomer 
grafted thereto. Included is a method for making the blend 
comprising using a single pass extruder to perform the steps 
of melt blending a polyole?n, a poly(ethylene oxide), a 
monomer and a suf?cient amount free radical initiator to 
graft from about 1 percent to 100 percent of the monomer 
onto the polyole?n and poly(ethylene oxide). 

20 Claims, N0 Drawings 



6,063,866 
Page 2 

US. PATENT DOCUMENTS 5,509,913 4/1996 Yeo . 
5,532,066 7/1996 Latiolais et al. . 

3,666,737 5/1972 Lal et al. .......................... .. 260/897 A 575407663 7/1996 Kroner et a1_ _ 
3,676,529 7/1972 Fall ....................................... .. 260/887 575497791 8/1996 Henon et aL _ 

3,717,541 2/1973 schirmer- 5,674,578 10/1997 GiOri .................................... .. 428/354 
3,734,876 5/1973 Chu .................................. .. 260/33.6 R 5,700,872 12/1997 Wang et aL _ 525/187 
3,763,277 10/1973 Chu et a1 260/874 5,807,930 9/1998 Wang 6161. .......................... .. 525/187 
3,830,888 8/1974 King ...................................... .. 260/876 

3,833,708 9/1974 Miller et al. . OTHER PUBLICATIONS 
3,843,589 10/1974 Wartman .......................... .. 260/334 R _ _ 

378917584 6/1975 Ray_chaudhuri et aL 260/27 R US. Patent application Ser. NO. 08/903,866, ?led Jul. 31, 
3,933,943 1/1976 FallIbaCll 6161. ..................... .. 260/887 1997 

3,935,141 1/1976 Potts . US. Patent application Ser. No. 08/912,145, ?led Aug. 15, 
3,953,655 4/1976 Steinkamp et al. ................... .. 428/474 1997. 

3,954,928 5/1976 Omofi et a1~ - US. Patent application Ser. No. 08/943,755, ?led Oct. 3, 
3,957,605 5/1976 Assarsson et al. ............... .. 204/159.14 1997_ 
3,963,805 6/1976 Chu ....................................... .. 260/874 - - 

379727961 8/1976 Hammer et a1‘ . I1J9.2.7Patent application Ser. No. 08/978,031, ?led Nov. 25, 
3 993 551 11 1976 As t l. ............... .. 204 159.14 ' . . 
4:018j729 42977 M33115: 251i / US. Patent application Ser. No. 08/978,087, ?led Nov. 25, 
4,029,720 6/1977 8611616161. .......................... .. 260/887 1997- _ _ _ _ 

4,080,405 3/1978 Agouri 61 a1, _ US. Provisional application Ser. No. 60/070,140, ?led Dec. 
4,186,233 1/1980 Krajewski et al. . 31, 1997. 
4,225,650 9/1980 van Brederode et al. ............ .. 428/405 US, Provisional application Ser, No, 60/O70,249, ?led Dec. 
4,229,334 10/1980 Klabacka et al. ................ .. 260/28.5 A 31, 1997_ 

475287334 7/1985 Knopf et al' - US. Provisional application Ser. No. 60/070,258, ?led Dec. 
4,619,988 10/1986 Leung et al. .......................... .. 528/421 31 1997 
4,705,525 11/1987 Ab61 6161. ..... .. 8/555 ’ ' . . 

477257492 2/1988 Yazaki et a1‘ ' 4286177 US. Patent application Ser. No. 09/001,408, ?led Dec. 31, 
4,792,477 12/1988 0611111611 ...... .. 428/216 1997~ _ _ 

4,810,612 3/1989 Ueda 6161. ........................... .. 430/109 U-S- Patent aPPhCaHOH Ser- NO- (39/001,525, ?led Dec- 31, 
4,868,222 9/1989 Chau et al. . 1997. 
4,874,540 10/1989 Greenwald et al. ............. .. 252/17424 US. Patent application Ser. No. 09/001,730, ?led Dec. 31, 
4,883,699 11/1989 Aniuk et al. ......................... .. 428/36.9 1997. 

5,011,892 4/1991 Engelhardt ct a1~ - US. Patent application Ser. No. 09/001,781, ?led Dec. 31, 
5,041,496 8/1991 Engelhardt et al. .................... .. 525/41 1997_ 
5,059,630 10/1991 Fujita et al. .... .. ~ - 

5,075,061 12/1991 H6w611 .................................. .. 264/171 I1J9'2'7Patent apphcanon Ser' NO‘ 09/001’791’ ?led Dec‘ 31’ 
5095619 31992 D ' t l.. ' . . 

5,209,849 5/1993 21a ............................... .. 210/490 U-S- Patent aPPhCan‘m Ser- No- 09/001,831, ?led Dec- 31’ 
5,217,798 6/1993 Brady 6161. 428/246 1997 _ _ 
5,260,371 11/1993 c1166 ....................................... .. 525/60 US Patent apphcatlon Ser. No. 09/002,059, ?led D90 31, 
5,300,574 4/1994 Bacskai. 1997. 
5,342,861 8/1994 Raykovitz ............................. .. 523/111 US, Patent application Ser, No, O9/OO2,197, ?led Dec. 31, 
5,346,959 9/1994 Goman . 1997' 

5,360,419 11/1994 Chen ..................................... .. 604/374 US' Patent application Ser_ NO_ (kg/862,806, ?led May 27, 
5,364,907 11/1994 Rolando et al. ..................... .. 525/54.1 1997 
5,367,003 11/1994 Petcavich. ' . . 
573697168 11/1994 Fam?i et a1‘ _ US. Patent application Ser. No. 09/084,688, ?led May 26, 
5,385,974 1/1995 0116166 .................................... .. 525/58 1998- _ _ 

573917423 2/1995 Wnuk et a1_ _ US. Patent application Ser. No. 09/088,352, ?led Jun. 1, 
5,395,308 3/1995 FOX 6161.. 1998 
5,412,029 5/1995 Elm et al. ............................... .. 525/71 US. Patent application Ser. No. 08/819,246, ?led Mar. 17, 
5,415,905 5/1995 Middlesworth et al. . 1997, 

5,417,649 5/1995 Toms et a1~ - US. Patent application Ser. No. 09/098,398, ?led Jun. 17, 
5,429,874 7/1995 vanPutte et al. . 1998_ 
5,446,100 8/1995 Durrance et al. . - - 
574687259 11/1995 Sheth et a1‘ . Patent application Ser. No. 09/113,778, ?led Jul. 10, 

5,480,928 1/1996 Stratta ................................... .. 524/386 ' . . 

574897470 2/1996 Noda _ US. Patent application Ser. No. 09/131,021, ?led Aug. 7, 
5,489,647 2/1996 Kussmaul ............................. .. 525/54.3 1998 _ _ 

5,498,692 3/1996 Noda _ US. Patent application Ser. No. 09/140,842, ?led Aug. 27, 
5,498,785 3/1996 Wang et al. . 1998. 



6,063,866 
1 

BLENDS OF POLYOLEFIN AND POLY 
(ETHYLENE OXIDE) AND PROCESS FOR 

MAKING THE BLENDS 

This application is a continuation-in-part of application 
U.S. Ser. No. 08/857,411 ?led May 16, 1997, now US. Pat. 
No. 5,807,930 Which is a continuation of US. Ser. No. 
08/777,226 ?led Dec. 31, 1996 issued as US. Pat. No. 
5,700,872. 

FIELD OF THE INVENTION 

The present invention relates to blends comprising a 
polyole?n and poly(ethylene oxide) and a method of making 
blends. More particularly, the invention relates to blends 
having up to about 85 Weight percent of a modi?ed poly 
ethylene or a modi?ed polypropylene and a modi?ed poly 
(ethylene oxide) and a method of making the modi?ed 
polyole?n and modi?ed poly(ethylene oxide) blend using a 
single step, reactive extrusion process. 

BACKGROUND OF THE INVENTION 

Personal care products, such as, diapers, sanitary napkins, 
adult incontinence garments, and the like are generally 
constructed from a number of different components and 
materials. Such articles typically have a portion, usually the 
backing layer, liner, or baffle constructed of a liquid repellent 
?lm material. This repellent material is appropriately con 
structed to minimiZe or prevent the exudation of the 
absorbed liquid from the article and to obtain greater utili 
Zation of the absorbent capacity of the product. The liquid 
repellent ?lm commonly used includes plastic materials 
such as polyethylene ?lms and the like. 

Although such products are relatively inexpensive, sani 
tary and easy to use, disposal of such a product once soiled 
is not Without its problems. With greater interest being 
placed in protecting the environment today, there is a need 
to develop materials that are more compatible With the 
existing and developing Waste disposal technologies While 
still delivering performance consumers have come to expect. 
An ideal disposal alternative Would be to use municipal 
seWage treatment and private residential septic systems. 
Products suited for disposal in seWage systems can be 
?ushed doWn a convenient toilet and are termed “?ushable.” 
While ?ushing such articles Would be convenient, the liquid 
repellent material Which normally does not disintegrate in 
Water tends to plug toilets and seWer pipes. It therefore 
becomes necessary, although undesirable, to separate the 
barrier ?lm material from the absorbent article prior to 
?ushing. 

In addition to the article itself, typically the packaging in 
Which the disposable article is distributed is also made from 
a Water resistant material. Water resistivity is necessary to 
prevent the degradation of the packaging from environmen 
tal conditions and to protect the disposable articles therein. 
Although this packaging may be safely stored With other 
refuse for commercial disposal, and especially in the case of 
individual packaging of the products, it is often more 
convenient to dispose of the packaging in the toilet With the 
discarded disposable article. HoWever, in the cases Where 
such packaging is composed of a Water resistant material, 
plugging of the drains to the toilet typically results. 

In an effort to overcome these de?ciencies, tWo method 
ologies have been utiliZed. The ?rst is for hydrophilic 
materials to be treated With a hydrophobic material to impart 
the desired Water resistant properties to the material. 

The second method has been to modify a Water resistant 
polymer. One of the more useful Ways of modifying poly 
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2 
mers involves blending them With other polymers of differ 
ent structures and properties. In a feW cases, polymer blend 
combinations are thermodynamically miscible and exhibit 
physical and mechanical compatibility. HoWever, by far a 
greater number of blends are phase separated and generally 
exhibit poor mechanical compatibility. Phase separated 
blends can in some cases exhibit physical and mechanical 
compatibility Where the polymer compositions are similar, 
for example, polyole?n blended With other similar 
polyole?ns, or Where interfacial agents are added to improve 
the compatibility at the interface betWeen the constituents of 
the polymer blend. 

Polymer blends of polyole?ns and poly(ethylene oxide) 
are melt processible but exhibit very poor mechanical com 
patibility. This poor mechanical compatibility is manifested 
in the mechanical property pro?le of the blends relative to 
the properties of the unblended constituents. 

In vieW of the problems of the prior art, it remains highly 
desirable to provide a Water responsive material. Such 
blends could be used for making ?ushable barrier ?lms, 
extrusion applications and injected molded articles. 

SUMMARY OF THE INVENTION 

Brie?y, one aspect of the present invention provides for a 
modi?ed polyole?n and modi?ed poly(ethylene oxide) 
blend composition. The blend composition is composed of 
from about 1 Weight percent to about 85 Weight percent of 
a modi?ed polyole?n and from about 99 Weight percent to 
about 15 Weight percent of a modi?ed poly(ethylene oxide). 
The modi?ed polyole?n and modi?ed poly(ethylene oxide) 
have grafted thereto from about 1 Weight percent to about 30 
Weight percent, based on the Weight of the polyole?n and 
poly(ethylene oxide), of a monomer. 

Another aspect of the invention provides for a method of 
making the modi?ed polyole?n and modi?ed poly(ethylene 
oxide) blend composition. The method provides a single 
pass, melt reactive extrusion modi?cation of the polyole?n 
and poly(ethylene oxide). This single step process affords 
signi?cant advantages over a tWo step process Where the 
polyole?n is ?rst modi?ed by grafting a monomer onto the 
polyole?n backbone Which is then re-extruded With the 
poly(ethylene oxide). A feW of the advantages include cost 
savings, reduced polymer degradation and greater unifor 
mity in the ?nal product. Speci?cally, the method of pre 
paring the blend of modi?ed polyole?n and modi?ed poly 
(ethylene oxide) using a single pass, melt reactive extruder 
comprises melting the polyole?n and poly(ethylene oxide) 
in the extruder and adding to the polyole?n and poly 
(ethylene oxide) blend a monomer and a suf?cient amount of 
a free radical initiator to graft from about 1 Weight percent 
to about 100 Weight percent of the monomer onto the 
polyole?n and poly(ethylene oxide). 

It is an object of the invention to provide a blend com 
position comprising a modi?ed polyole?n and modi?ed 
poly(ethylene oxide). More speci?cally, it is an object of the 
invention to provide a blend composition comprising a 
modi?ed polyethylene or modi?ed polypropylene and modi 
?ed poly(ethylene oxide). 

Another object of the invention is to provide a method of 
making a modi?ed polyole?n and modi?ed poly(ethylene 
oxide) blend composition using a single pass reactive 
extruder. 
As used herein “reactive extrusion” is the use of chemical 

reactions during polymer extrusion to form desired products. 
Free radical initiator, crosslinking agents, and other reactive 
additives can be injected into the extruder to cause such 
reactions. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

The mechanical and visual compatibility of blends of 
polyole?ns and poly(ethylene oxide) is very poor. However, 
it has noW unexpectedly been found that polyole?ns and 
poly(ethylene oxide) can be modi?ed With one or more 
monomers, such that materials made from blends having 
upWards of about 85 Weight percent of a modi?ed polyole?n 
and as little as 15 Weight percent of a modi?ed poly(ethylene 
oxide) are Water responsive. More speci?cally, it has been 
found that blends of polyole?ns and poly(ethylene oxide), 
When grafted With a monomer during reactive extrusion 
imparts Water responsiveness to ?lms and thermoplastic 
articles made therefrom. Accordingly, one aspect of the 
invention is for a composition of matter comprising a 
polymer blend having from about 1 Weight percent to about 
85 Weight percent of a modi?ed polyole?n and from about 
99 Weight percent to about 15 Weight percent of a modi?ed 
poly(ethylene oxide). Preferably, the blend comprises from 
about 30 Weight percent to about 85 Weight percent of a 
modi?ed polyole?n and from about 70 Weight percent to 
about 15 Weight percent of modi?ed poly(ethylene oxide). 
More preferably, the blend comprises from about 55 Weight 
percent to about 85 Weight percent of a modi?ed polyole?n 
and from about 45 Weight percent to about 15 Weight percent 
of modi?ed poly(ethylene oxide). 

The amount of monomer added to the blend of polyole?n 
and poly(ethylene oxide) is from about 1 Weight percent to 
about 30 Weight percent, preferably, from about 1 Weight 
percent to about 20 Weight percent and more preferably, 
from about 1 Weight percent to about 10 Weight percent 
Wherein all such ranges are based on the total Weight of the 
polyole?n and poly(ethylene oxide). 

The saturated ethylene polymers useful in the practice of 
this invention are homopolymers or copolymers of ethylene 
and polypropylene and are essentially linear in structure. As 
used herein, the term “saturated” refers to polymers Which 
are fully saturated, but also includes polymers containing up 
to about 5% unsaturation. The homopolymers of ethylene 
include those prepared under either loW pressure, i.e., linear 
loW density or high density polyethylene, or high pressure, 
i.e., branched or loW density polyethylene. High density 
polyethylenes are generally characteriZed by a density that is 
about equal to or greater than 0.94 grams per cubic centi 
meter (g/cc). Generally, the high density polyethylenes 
useful as the base resin in the present invention have a 
density ranging from about 0.94 g/cc to about 0.97 g/cc. 
Polyethylenes can have a melt index, as measured at 2.16 kg 
and 190 degrees Celcius (° C.), ranging from about 0.005 
decigrams per minute (dg/min) to 100 dg/min. Desirably, the 
polyethylene has a melt index of 0.01 dg/min to about 50 
dg/min and more desirably of 0.05 dg/min to about 25 
dg/min. Alternatively, mixtures of polyethylene can be used 
as the base resin in producing the graft copolymer 
compositions, and such mixtures can have a melt index 
greater than 0.005 dg/min to less than about 100 dg/min. 

The loW density polyethylene has a density of less than 
0.94 g/cc and are usually in the range of 0.91 g/cc to about 
0.93 g/cc. The loW density polyethylene polymer has a melt 
index ranging from about 0.05 dg/min to about 100 dg/min 
and desirably from 0.05 dg/min to about 20 dg/min. Ultra 
loW density polyethylene can be used in accordance With the 
present invention. Generally, ultra loW density polyethylene 
has a density of less than 0.90 g/cc. 

Generally, polypropylene has a semi-crystalline structure 
having a molecular Weight of about 40,000 g/mol or more, 
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4 
a density of about 0.90 g/cc, a melting point of 168 to 171 
° C. for isotactic polypropylene and a tensile strength of 
5000 psi. Polypropylene can also have other tacticities 
including syndiotactic and atactic. 
The above polyole?ns can also be manufactured by using 

the Well knoWn multiple-site Ziegler-Natta catalysts or the 
more recent single-site metallocene catalysts. The metal 
locene catalyZed polyole?ns have better controlled polymer 
microstructures than polyole?ns manufactured using 
Ziegler-Natta catalysts, including narroWer molecular 
Weight distribution, Well controlled chemical composition 
distribution, co-monomer sequence length distribution, and 
stereoregularity. Metallocene catalysts are knoWn to poly 
meriZe propylene into atactic, isotactic, syndiotactic, 
isotactic-atactic stereoblock copolymer. 

Copolymers of ethylene Which can be useful in the 
present invention may include copolymers of ethylene With 
one or more additional polymeriZable, unsaturated mono 

mers. Examples of such copolymers include, but are not 
limited to, copolymers of ethylene and alpha ole?ns (such as 
propylene, butene, hexene or octene) including linear loW 
density polyethylene, copolymers of ethylene and vinyl 
esters of linear or branched carboxylic acids having 1—24 
carbon atoms such as ethylene-vinyl acetate copolymers, 
and copolymers of ethylene and acrylic or methacrylic esters 
of linear, branched or cyclic alkanols having 1—28 carbon 
atoms. Examples of these latter copolymers include 
ethylene-alkyl (meth)acrylate copolymers, such as ethylene 
methyl acrylate copolymers. 
The free radical initiators useful in the practice of this 

invention include acyl peroxides such as benZoyl peroxide; 
dialkyl; diaryl; or aralkyl peroxides such as di-t-butyl per 
oxide; dicumyl peroxide; cumyl butyl peroxide; 1,1-di-t 
butyl peroxy-3,5,5-trimethylcyclohexane; 2,5-dimethyl-2,5 
di(t-butylperoxy) hexane; 2,5-dimethyl-2,5-bis 
(t-butylperoxy) hexyne-3 and bis(a-t-butyl 
peroxyisopropylbenZene); peroxyesters such as t-butyl per 
oxypivalate; t-butyl peroctoate; t-butyl perbenZoate; 2,5 
dimethylhexyl-2,5-di(perbenZoate); t-butyl di(perphthalate); 
dialkyl peroxymonocarbonates and peroxydicarbonates; 
hydroperoxides such as t-butyl hydroperoxide, p-methane 
hydroperoxide, pinane hydroperoxide and cumene hydrop 
eroxide and ketone peroxides such as cyclohexanone per 
oxide and methyl ethyl ketone peroxide. AZo compounds 
such as aZobisisobutyronitrile may also be used. 

Poly(ethylene oxide) polymers suitable for the present 
invention can have a molecular Weight ranging from 100, 
000 to 8,000,000 grams per mole (g/mol). Poly(ethylene 
oxide) is available from Union Carbide Corporation under 
the trade name of POLYOX®. Typically, poly(ethylene 
oxide) is a dry free ?oWing White poWder having a crystal 
line melting point in the order of about 65° C., above Which 
poly(ethylene oxide) resin becomes thermoplastic and can 
be formed by molding, extrusion and other methods knoWn 
in the art. 

The method of making the polymer blends includes melt 
blending the desired Weight ratios of a mixture of the 
polyole?n, poly(ethylene oxide), the monomer and a free 
radical initiator in an extruder and at a reaction temperature 
Where the polyole?n and poly(ethylene oxide) are converted 
to a molten state. Accordingly, the polyole?n, poly(ethylene 
oxide), monomer and free radical initiator can be simulta 
neously added to the extruder before the polymer 
constituents, i.e., the polyole?n and poly(ethylene oxide) 
have been melted. The preferred monomers used in the 
present invention include 2-hydroxyethyl methacrylate 
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(hereinafter HEMA) and polyethylene glycol (meth) 
acrylates. The term polyethylene glycol (meth)acrylates as 
used herein includes polyethylene glycol methacrylates and 
polyethylene glycol acrylates and derivatives and varying 
molecular Weights thereof. A particularly desirable polyeth 
ylene glycol methacrylate is poly(ethylene glycol) ethyl 
ether methacrylate (abbreviated hereinafter as PEG-MA). 
This invention has been demonstrated in the folloWing 
Examples by the use of PEG-MA and HEMA as the polar 
vinyl monomers. Both the PEG-MA and HEMA Were sup 
plied by Aldrich Chemical Company. The HEMA used in the 
Examples Was designated Aldrich Catalog number 12,863-5 
and the PEG-MA Was designated Aldrich Catalog number 
40,954-5. The monomer used in Comparative Examples 
B—D and Examples 1—10 Was a derivative of polyethylene 
glycol methacrylate, poly(ethylene glycol) ethyl ether meth 
acrylate having a number average molecular Weight of 
approximately 246 grams per mol. Polyethylene glycol 
(meth)acrylates With a number average molecular Weight 
higher or loWer than 246 g/mol are also applicable for this 
invention. The molecular Weight of the polyethylene glycol 
(meth)acrylates can range up to 50,000 g/mol. HoWever, 
loWer molecular Weights are preferred for faster grafting 
reaction rates. The desired range of the molecular Weight of 
the monomers is from about 246 to about 5,000 g/mol and 
the most desired range is from about 246 to about 2,000 
g/mol. The monomer used in Example 11 Was a polyethyl 
ene glycol methacrylate having a number average molecular 
Weight of approximately 360 grams per mol purchased from 
Aldrich Chemical Company, catalog number 40,953-7. 
Again, it is expected that a Wide range of monomers as Well 
as a Wide range of molecular Weights of monomers Would be 
capable of imparting similar effects to the polyole?n and 
poly(ethylene oxide) and Would be effective monomers for 
grafting and modi?cation purposes. 

Preferably, the melt extruder used for melt blending can 
introduce various constituents into the blend at different 
locations along the screW length. For example, the free 
radical initiator, crosslinking agents, or other reactive addi 
tives can be injected into the blend before or after one or 
more of the polymer constituents is melted or thoroughly 
mixed. More preferably, the polyole?n and poly(ethylene 
oxide) are added at the beginning of the extruder. After 
melting, the monomer is added to melted polymers and 
further doWn the extruder barrel, the free radical initiator is 
fed to the melt blend. Although not preferred, the scope of 
the invention Would include simultaneously adding the 
monomer and free radical initiator into the molten blend of 
polyole?n and poly(ethylene oxide). It is important to the 
method of the invention that the polyole?n and poly 
(ethylene oxide) be melt blended contemporaneously With or 
before the addition of the monomer and free radical initiator. 
Although not to be bound by any theory, it is believed that 
the monomer, in the presence of the free radical initiator, 
grafts onto both the polyole?n and poly(ethylene oxide) 
thereby alloWing articles made from the blend of modi?ed 
polyole?n and modi?ed poly(ethylene oxide) to have a 
greater Water responsiveness. As used herein the term “Water 
responsiveness” refers to a loss of tensile strength or strain 
to-break of a Wet ?lm relative to the dry ?lm tensile strength 
or strain-to-break. 

The amount of free radical initiator added to the extruder 
should be an amount suf?cient to graft from about 1 percent 
to 100 percent of the monomer onto the polyole?n and 
poly(ethylene oxide). This can range from about 0.1 Weight 
percent to about 10 Weight percent of initiator. Preferably, 
the amount of initiator added to the extruder ranges from 
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6 
about 0.1 Weight percent to about 5 Weight percent Wherein 
all such ranges are based on the amount of monomer added 
to the melt blend. 

Surprisingly, a ?lm or other thermoplastic article made 
from the modi?ed polyole?n and modi?ed poly(ethylene 
oxide) blend described above is Water responsive. 
The present invention is illustrated in greater detail by the 

speci?c examples presented beloW. It is to be understood 
that these examples are illustrative embodiments and are not 
intended to be limiting of the invention, but rather are to be 
construed broadly Within the scope and content of the 
appended claims. 

In each of the Examples Which folloW a polyole?n/poly 
(ethylene oxide) blend Was prepared as described. Compara 
tive Example A is a physical blend of the polymer resins. 
The blends of Comparative Examples B—D Were prepared 
by a tWo-step process. In the ?rst step the polyethylene Was 
modi?ed by grafting a monomer thereto. The method of 
making the modi?ed polyethylene is described in greater 
detail in the copending US. patent application having U.S. 
Ser. No. 08/733,410 ?led on Oct. 18, 1996 the entire 
disclosure of Which is incorporated herein by reference. In 
the second step, the modi?ed polyole?n is blended With the 
poly(ethylene oxide). Select properties of the materials of 
Examples A—D are listed in Table 1 beloW. Examples 1 
through 11 beloW Were made in accordance With the present 
invention. Select properties of the materials of Examples 
1—10 are in listed Tables 2, 3 and 4. 

COMPARATIVE EXAMPLE A 

A 60/40 Weight percent resin blend of a loW density 
polyethylene having a melt index of 1.9 decigrams per 
minute (dg/min) and a density of 0.917 grams per cubic 
centimeter (g/cc) (Dow 5031; available from DoW Chemical 
Company of Midland, Mich.) and poly(ethylene oxide) 
having a molecular Weight of 200,000 g/mol. (POLYOX® 
WSR N-80 available from Union Carbide Corp.) Was fed 
into a Haake counter-rotating tWin screW extruder at a rate 
of 5 pounds per hour (lb/hr). The extruder had a length of 
300 millimeters. Each conical screW had 30 millimeters 
diameter at the feed port and a diameter of 20 millimeters at 
the die. The extruder had four heating Zones set at 170, 180, 
180 and 190° C. The screW speed of the extruder Was 150 
rpm. 

COMPARATIVE EXAMPLES B—D 

For Comparative Examples B—D the loW density 
polyethylene, Dow 5031, Was modi?ed by grafting thereto 
polyethylene glycol ethyl ether methacrylate (catalog num 
ber 40,954-5 available from Aldrich Chemical Company of 
Milwaukee, Wis. and abbreviated hereinafter as PEG-MA). 
The PEG-MA grafted polyethylene Was prepared using the 
Haake counter-rotating tWin screW extruder described 
above. The feed to the extruder comprised contemporane 
ously adding, at the extruder feed throat, 5 lb/hr of the loW 
density polyethylene and a speci?ed amount of the PEG-MA 
and a free radical initiator, 2,5-dimethyl-2,5-di(t 
butylperoxy)hexane, supplied by Atochem, 2000 Market St. 
Philadelphia, Pa. under the tradename of LUPERSOL® 101. 

For Comparative Example B the PEG-MA feed rate Was 
0.125 lb/hr and the initiator feed rate Was 0.0125 lb/hr. 

For Comparative Example C the PEG-MA feed rate Was 
0.25 lb/hr and the initiator feed rate Was 0.025 lb/hr. 

For Comparative Example D the PEG-MA feed rate Was 
0.5 lb/hr and the initiator feed rate Was 0.025 lb/hr. 
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A 60/40 blend Was prepared following the method of 
Comparative Example A above, except that the modi?ed 
polyethylene of each example, Comparative Example B—D, 
Was substituted for the unmodi?ed polyethylene. The result 
ing products of the Comparative Examples had the charac 
teristics indicated in Table 1. 

Film processing of the blends Was performed using the 
Haake extruder as described above With the following 
modi?cations. The extruder included a 4 inch slit die at a 
temperature of 195° C. The screW speed Was at 30 rpm. A 
chilled Wind-up roll Was used to collect the ?lm. The chilled 
roll Was operated at a speed suf?cient to form a ?lm having 
a thickness of about 4 mils (0.004 of an inch) and Was 
maintained at a temperature of about 15—20° C. 

Dry and Wet Tensile Tests 
Dry tensile tests Were performed on a Sintech 1/D tensile 

tester available from MTS Systems Corp., Machesny Park, 
Ill. The ?lm Was cut into a type V dog bone shape in 
accordance With ASTM D638. The test Was performed With 
a grip separation of 30 millimeters and a crosshead speed of 
4 millimeters/second. 
Wet tensile tests Were performed on a Vitodyne V1000 

mini-tensile tester available from Chatillon, Greensboro, 
NC. The ?lm samples Were placed in the grippers and 
submerged in ambient temperature, non-stirred Water for 30 
seconds. Peak stress, percent strain to break, energy to break 
(as area under stress versus strain curve) and modulus Were 
calculated for each ?lm tested. The percent loss in tensile 
properties from dry to Wet Was determined for each example. 

TABLE 1 

Example #A #B #C #D 

Testing 
Condition dry Wet dry Wet dry Wet dry Wet 

Thickness 4.5 4.4 4.5 4.5 4.0 4.0 5.0 5.0 

(mil) 
% Strain 650 650 550 183 533 117 283 50 
Peak Stress 15.3 12.8 13.8 7.0 11.4 4.9 12.2 3.1 

(MPa) 
Energy-break 70.3 69.2 54.5 11.2 46.0 4.0 27.5 0.8 
(x 106 J/m3) 
Modulus (MPa) 108 58 71 45 62 34 72 24 

Percent Loss in Properties from Dry to Wet 

% Strain 0% 65% 79% 82% 
Peak Stress 16% 49% 57% 75% 
Energy to 2% 80% 91% 97% 
Break 
Modulus 47% 37% 46% 33% 

EXAMPLES 1—4 

The 60/40 Weight percent resin blend of a loW density 
polyethylene (Dow 5031) and a poly(ethylene oxide) 
(POLYOX® WSRN-80) Was fed to the Haake counter 
rotating tWin screW extruder at a rate of 5 lb/hr. Contempo 
raneously With the polymer feed to the extruder, speci?ed 
amounts of a monomer, PEG-MA, and a free radical initiator 
(LUPERSOL® 101) Were added at the feed throat. The 
extruder had four heating Zones set at 170, 180, 180 and 
190° C. The screW speed of the extruder Was 150 rpm. 

For Example 1 the PEG-MA feed rate Was 0.125 lb/hr and 
the initiator feed rate Was 0.0125 lb/hr. 

For Example 2 the PEG-MA feed rate Was 0.25 lb/hr and 
the initiator feed rate Was 0.025 lb/hr. 

For Example 3 the PEG-MA feed rate Was 0.5 lb/hr and 
the initiator feed rate Was 0.025 lb/hr. 
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8 
For Example 4 the PEG-MA feed rate Was 0.75 lb/hr and 

the initiator feed rate Was 0.0375 lb/hr. 

The resulting products of Examples 1—4 had the charac 
teristics indicated in Table 2. 

TABLE 2 

Example #1 #2 #3 #4 

Testing 
Condition dry Wet dry Wet dry Wet dry Wet 

Thickness 4.4 4.4 5.6 5.5 4.2 4.2 4.9 4.6 

(mil) 
% Strain 667 117 467 83 983 150 417 83 
Peak Stress 9.3 3.7 8.3 3.1 9.2 3.5 5.2 1.3 

(MPa) 
Energy-break 51.0 2.8 30.2 1.5 78.0 3.3 16.3 0.5 

(X 106 J/m3) 
Modulus (MPa) 54 25 55 20 52 23 39 9 

Percent Loss in Properties from Dry to Wet 

% Strain 83% 83% 85% 81% 
Peak Stress 60% 63% 62% 75% 
Energy to 94% 95% 96% 97% 
Break 
Modulus 53% 64% 56% 77% 

For Examples 1—4 the amount of monomer grafted to 
polyethylene Was 0.65 Weight percent, 1.03 Weight percent, 
0.51 Weight percent and 1.13 Weight percent, respectively. 
The Weight percent of monomer grafted to the polyethylene 
Was determined by FT-IR and elemental oxygen content as 
described in copending US. patent application Ser. No. 
08/733,410 ?led Oct. 18, 1996 the entire disclosure of Which 
is incorporated herein by reference. For Example 3, the 
amount of monomer grafted to the poly(ethylene oxide) Was 
determined to be 14.9 Weight percent by proton NMR 
spectroscopy. 

EXAMPLES 5—8 

The 60/40 Weight percent resin blend of a loW density 
polyethylene (Dow 5031) and a poly(ethylene oxide) 
(POLYOX® WSRN-80) Was fed to the Haake counter 
rotating tWin screW extruder at a rate of 5 lb/hr. Contempo 
raneously With the polymer feed to the extruder, speci?ed 
amounts of a monomer, 2-hydroxyethyl methacrylate, and a 
free radical initiator (LUPERSOL® 101) Were added at the 
feed throat. The extruder had four heating Zones set at 170, 
180, 180 and 190° C. The screW speed of the extruder Was 
150 rpm. 

For Example 5 the 2-hydroxyethyl methacrylate feed rate 
Was 0.125 lb/hr and the initiator feed rate Was 0.0125 lb/hr. 

For Example 6 the 2-hydroxyethyl methacrylate feed rate 
Was 0.25 lb/hr and the initiator feed rate Was 0.025 lb/hr. 

For Example 7 the 2-hydroxyethyl methacrylate feed rate 
Was 0.5 lb/hr and the initiator feed rate Was 0.025 lb/hr. 

For Example 8 the 2-hydroxyethyl methacrylate feed rate 
Was 0.75 lb/hr and the initiator feed rate Was 0.0375 lb/hr. 

The resulting products of Examples 5—8 had the charac 
teristics indicated 30 in Table 3. 
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TABLE 3 TABLE 4-continued 

Example #5 #6 #7 #8 Percent Loss from Dry to Wet 

Testing 5 % Strain 85% 17% 
Condition dry wet dry wet dry wet dry wet Peak Stress 97% 0% 

Thickness 4.5 4.6 4.2 4.7 4.5 4.5 5.0 4.6 

(mil) 
% Strain 483 83 650 67 700 67 583 50 EXAMPLE 11 

Effélitress 133 3'3 9'0 1'5 103 2'4 8'7 1'9 10 A 60/40 weight percent resin blend of a low density 

Energy-break 55.5 1.5 44.5 0.6 54.5 0.9 39.3 0.5 polyethylene (Dow 5031) and a poly(ethylene oxide) 
(X 10° J/m3) (POLYOX® WSRN-80) was fed into a Werner & P?eiderer 
MOdulus (MPa) 64 23 7° 11 6O 17 65 14 ZSK-30 twin screw extruder at a rate of 20 lb/hr. The resin 

Percent LOSS in Properties from Dry to W6t 15 blend was fed to the feed throat of the extruder, i.e. barrel #1. 
The extruder had fourteen barrels and 1338 mm total pro 

% Strain 86% 90% 90% 91% cessing length with a screw length to diameter ratio (L/D) of 
P°°k Sum 75% 83% 77% 78% 44. The devolitiZation Zoned was located on barrel #11. The 
Energy to 97% 99% 98% 98% . . . 
Break heating system of the extruder consists of seven heating 
Modulus 64% 85% 71% 79% 2O Zones. Barrel #1 is not heated but cooled by water. Barrels 

#2, #3 and #4 were designated as Zone #1, barrels #5 and #6 
as Zone 2, barrels #7 and #8 as Zone #3, and barrels #9 and 
#10 as Zone #4, barrels #11 and #12 as Zone #5, barrels #13 

EXAMPLE 9 

A 30/70 weight percent resin blend of a low density 
polyethylene (Dow 5031) and a poly(ethylene oxide) 
(POLYOX® WSRN-80) was fed to the Haake counter 
rotating twin screw extruder at a rate of 5 lb/hr. Contempo 
raneously with the polymer feed to the extruder, speci?ed 
amounts of a monomer, polyethylene glycol ethyl ether 
methacrylate, and a free radical initiator (LUPERSOL® 
101) were added at the feed throat. The extruder had four 
heating Zones set at 170, 180, 180 and 190° C. The screw 
speed of the extruder was 150 rpm. 

For Example 9 the polyethylene glycol ethyl ether meth 
acrylate feed rate was 0.25 lb/hr and the initiator feed rate 
was 0.05 lb/hr. 

EXAMPLE 10 

A 80/20 weight percent resin blend of a low density 
polyethylene (Dow 5031) and a poly(ethylene oxide) 
(POLYOX® WSRN-80) was fed to the Haake counter 
rotating twin screw extruder at a rate of 5 lb/hr. Contempo 
raneously with the polymer feed to the extruder, speci?ed 
amounts of a monomer, polyethylene glycol ethyl ether 
methacrylate, and a free radical initiator (LUPERSOL® 
101) were added at the feed throat. The extruder had four 
heating Zones set at 170, 180, 180 and 190° C. The screw 
speed of the extruder was 150 rpm. 

For Example 10 the polyethylene glycol ethyl ether 
methacrylate feed rate was 0.25 lb/hr (5 weight percent 
addition) and the initiator feed rate was 0.05 lb/hr. 

The resulting products of Examples 9 and 10 had the 
characteristics indicated in Table 4. 

TABLE 4 

Example #9 #10 

Testing Condition dry wet dry wet 

Thickness (mil) 4.2 4.5 4.4 5.2 
% Strain 433 67 298 250 
Peak Stress (MPa) 910 30 12 12 
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and #14 as Zone #6 and the die as Zone #7. The extruder 
temperatures were measured as the temperatures of these 
seven heating Zones. 

The die had four openings of 3 mm in diameter, which 
were separated by 7 mm. Polymer strands were cooled by an 
air-cooled conveyor belt of twenty feet in length. On the 
conveyor belt, twenty fans were installed to provide cooling 
using ambient air. The cooled strands were subsequently 
pelletiZed by a pelletiZer. After the polyethylene and poly 
(ethylene oxide) melted in the extruder by the action of shear 
heating and conductive heating form the barrels, a polyeth 
ylene glycol methacrylate (Aldrich Catalog number 40,953 
7, average number average molecular weight of about 360 
g/mol) was injected by a pressurized injection noZZle at 
barrel #5. The injection rate of the polyethylene glycol 
methacrylate was 1.46 lb/hr. A free radical initiator 
(LUPERSOL® 101 supplied by Atochem) was injected into 
barrel #6 at a rate of 0.048 lb/hr. 

The following barrel temperatures were recorded during 
the experiment: Zone #1, 182° C.; Zone #2, 177° C.; Zone #3, 
179° C.; Zone #4, 180° C.; Zone #5, 180° C.; and Zone #7, 
188° C. The melt temperature of the extrudate was 204° C. 
The melt pressure was 193 psi. The vacuum of the devoli 
tiZation was 25.6 inches of mercury. The pellets produced by 
the process in this example were converted into ?lms as in 
Comparative Examples B through D. A section of ?lm 
formed form the composition of this example was placed in 
water. Asoft and silky fabric was obtained. The grafted PEO 
of the ?lm dissolved in the water, making the water slim to 
the touch. 

While the invention has been described with reference to 
a preferred embodiment, those skilled in the art will appre 
ciate that various substitutions, omissions, changes and 
modi?cations may be made without departing from the spirit 
hereof. Accordingly, it is intended that the foregoing 
examples be deemed merely exemplary of the present inven 
tion and not be deemed a limitation thereof. 
We claim: 
1. A composition of matter comprising a blend having 

from about 1 weight percent to about 85 weight percent of 
a modi?ed polyole?n and from about 99 weight percent to 
about 15 weight percent of a modi?ed poly(ethylene oxide), 
wherein said modi?ed polyole?n and said modi?ed poly 
(ethylene oxide) have a total of from about 1 weight percent 
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to about 30 Weight percent, based on the total amount of 
polyole?n and poly(ethylene oxide), of a monomer selected 
from the group consisting of polyethylene glycol acrylates 
and polyethylene glycol methacrylates and derivatives 
thereof grafted onto said polyole?n and said poly(ethylene 
oxide). 

2. The composition of claim 1 comprising from about 30 
Weight percent to about 85 Weight percent of said modi?ed 
polyole?n and from about 70 Weight percent to about 15 
Weight percent of said modi?ed poly(ethylene oxide). 

3. The composition of claim 1 comprising from about 55 
Weight percent to about 85 Weight percent of said modi?ed 
polyole?n and from about 45 Weight percent to about 15 
Weight percent of said modi?ed poly(ethylene oxide). 

4. The composition of claim 1 Wherein said polyole?n is 
a polyethylene. 

5. The composition of claim 1 Wherein said polyole?n is 
a polypropylene. 

6. The composition of claim 1 Wherein said modi?ed 
polyole?n and said modi?ed poly(ethylene oxide) have a 
total of from about 1 Weight percent to about 20 Weight 
percent of said monomer grafted thereto. 

7. The composition of claim 1 Wherein said modi?ed 
polyole?n and said modi?ed poly(ethylene oxide) have a 
total of from about 1 Weight percent to about 10 Weight 
percent of said monomer grafted thereto. 

8. The composition of claim 1 Wherein said monomer is 
a polyethylene methacrylate or a derivative thereof. 

9. The composition of claim 1 Wherein said monomer is 
a polyethylene glycol acrylate or a derivative thereof. 

10. A method for preparing a blend of a modi?ed poly 
ole?n and a modi?ed poly(ethylene oxide) comprising melt 
blending an amount of polyole?n, an amount of a poly 
(ethylene oxide), an amount of a polyethylene glycol acry 
late or polyethylene glycol methacrylate or a derivative 
thereof, and a suf?cient amount free radical initiator to 
modify said polyole?n and said poly(ethylene oxide) by 
grafting from about 1 percent to 100 percent of said mono 
mer onto said polyole?n and said poly(ethylene oxide). 

11. The method of claim 10 Wherein said modi?ed poly 
ole?n comprises from about 1 Weight percent to about 85 
Weight percent of said blend and said modi?ed poly 
(ethylene oxide) comprises from about 99 to about 15 
Weight percent of said blend. 
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12. The method of claim 10 Wherein said modi?ed 

polyole?n comprises from about 30 Weight percent to about 
85 Weight percent of said blend and said modi?ed poly 
(ethylene oxide) comprises from about 70 to about 15 
Weight percent of said blend. 

13. The method of claim 10 Wherein said modi?ed 
polyole?n comprises from about 55 Weight percent to about 
85 Weight percent of said blend and said modi?ed poly 
(ethylene oxide) comprises from about 45 to about 15 
Weight percent of said blend. 

14. The method of claim 10 Wherein said polyole?n is 
selected from the group consisting of polypropylene, ultra 
high molecular Weight polyethylene, high density 
polyethylene, ultra loW density polyethylene, loW density 
polyethylene, and linear loW density polyethylene. 

15. The method of claim 10 Wherein said free radical 
initiator is selected from the group consisting of benZoyl 
peroxide; di-t-butyl peroxide; dicumyl peroxide; cumyt 
butyl peroxide; 1,1-di-t-butyl peroxy-3,5,5 
trimethylcyclohexane; 2,5-dimethyl-2,5-di(t-butylperoxy) 
hexane; 2,5-dimethyl-2,5-bis (t-butylperoxy) hexyne-3; bis 
(a-t-butyl peroxyisopropylbenZene); t-butyl peroxypivalate; 
t-butyl peroctoate; t-butyl perbenZoate; 2,5-dimethylhexyl 
2,5-di(perbenZoate); t-butyl di(perphthalate); t-butyl hydro 
peroxide; p-methane hydroperoxide; pinane hydroperoxide; 
cumene hydroperoxide; cyclohexanone peroxide and methyl 
ethyl ketone peroxide. 

16. The method of claim 10 Wherein said amount of said 
free radical initiator added to said extruder is from about 0.1 
Weight percent to about 10 Weight percent, based on the 
amount of monomer. 

17. The method of claim 10 Wherein from about 1 Weight 
percent to about 20 Weight percent, based on the amount of 
said polyole?n and said poly(ethylene oxide), of monomer 
is added to said extruder. 

18. The method of claim 10 Wherein from about 1 Weight 
percent to about 10 Weight percent, based on the amount of 
said polyole?n and said poly(ethylene oxide), of monomer 
is added to said extruder. 

19. The method of claim 10 Wherein said monomer is 
polyethylene glycol acrylate. 

20. The method of claim 10 Wherein said monomer is a 
polyethylene glycol methacrylate. 

* * * * * 


